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1 Basics of liquid lithium MHD

There 3 magnetic Reynolds numbers which control lithium MHD in toka-
maks

dynamics: Ry = pgoLV,
electro-dynamics: R, = poohV,

. h?
dynamics: %, = po—V, (1.1)

} Bperp

Lithium flow
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1 Basics of liquid lithium MHD (cont.)

Characteristic flow parameters:

<w
V =20 m/sec =Py 1 [atm],

mm

B=1T —-— =4 |atm]|, 1.2
o = fatm 1.2
mw

B=5T —-— =100 [atm].
240

Dynamic pressure losses are determined by %, and %,

V2 B?
Ro : Db| = oo LV —
2410
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L 210"

SecC
*ﬁqn%_wmf

V2 h

Ry : Db| = oo (1.3)

Magnetic fields from the currents in the stream are determined by ®,
mwr . mcs — mg = toq\sa\m._,. ﬁm@




1 Basics of liquid lithium MHD (cont.)

Lithium “water-falls” are incompatible at the basic level with the tokamak
strong toroidal field

h=01m, Li~02m, Ly~3m, V >2-5]|m/sed,

Ro=4LV => 1.6,

R |%|w<|%ﬁg§ ~ 0.01 — 0.025
2 — N.\w — N\m = U. . .

(L.5)
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1 Basics of liquid lithium MHD (cont.)

Momentum driven thin walls have a lot of unresolved problems in lithium

MHD
h=001m, L;~0.02m, Ly~3m, V ~20[m/sec|,
Dm 1.6
Ry=4—V ~1.3-107% (1.6)
Lo
ya \_umo
Plasma V2 B2
Ry =16, p—v < Ry
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2 Flow pattern of magnetic propulsion

“Rotating” liquid lithium walls are incompatible with tokamaks.

e NO inlet/outlet
: thium "rotaring” walls e poloidal rotation damps
g dv By,
5 as mb| ~ %m
2 . dt 2140
Centrifugal force ] ] o
3 [ - e toroidal rotation is impos-
2 o sible due to centrifugal
A\ M , Plasma ._"Oﬁom

Centrifugal force
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2 Flow pattern of magnetic propulsion (cont.)

Magnetic propulsion makes MHD of intense lithium streams compatible

with tokamaks.
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2 Flow pattern of magnetic propulsion (cont.)

Driving pressure

%S@:_oztmw > 1 QNSU %S@:_&imw - %S@:_QSNQ > 1 atm. AMC

Flow parameters
V ~20m/sec, h=>~0.01m, R;=08. (2.2)

Stream are robustly stable due to centrifugal force

Jx B Force

axis of symmetry

P 9 > wﬁwﬁegtﬁﬁ

Potentially unstable
side of the lithium
stream
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3 Theory of stabilization

Flow pattern of magnetic propulsion eliminates the possibility of mode
locking into the conducting wall (“Rotating” walls do nothing).

The theory includes an arbitrary geometry of the guide wall

. _VpxVvI I I
Hodw = =5 7 = T €0t €
Jw = 1u(O)h(0)\/gaa,  goo = (Tw)§ + (20)5-

It links the electric current in the streams with parameters which can be
extracted from existing numerical codes

(3.1)

—

(D, — D,)¢(a) = —iMI. (3.2)

It formulates the equation for electric current in the streams and leads
to a dispersion relation for the growth rate

(Dy — D¢ = pohoy(MS™!M)e) + iRy (MS™'VM) 4. (3.3)

SJPPPL 10

PRINCETON PLASMA
PHYSICS LABORATORY




3 Theory of stabilization (cont.)

Dispersion relation for the cylindrical case

@DM:\%S = TresV¥m + 1 M\%AS + 2k + C@ww.ﬁ@ii.mw.ff Aw.@
where
2
im(2k + 1)’
There is coupling with a nearest sitelite modes and then, with each sec-
ond satelite mode.

Tres = hoq\wmf Vok+1 = vg = 0. Awmv

Three harmonics approximation immediately shows the stabilizing effect

Al — Tresy
m(m + DR [> m(m — 1)RE|v|? (3.6)
o o = 0.
alAj, 11 — Tres?Y a7, 1 = Tres

It also shows possibility for the mode, which is locked into one of streams.
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4 Flow locked mode

Resistive wall mode is well affected by the flow.

Flow-locked mode determines limits of stabilization.

. Yires/3 | |
. P \ m(m + Do
2] | eBn = Tresy + A +
) ) ALm+1 — Tres”
m(m — 1)R¥|v,|
N =0
a 1 — T
Ry=2, m—1 ﬂmm\.v\
wall-locked mode
1 IM(YTres/3) ..... =
Re /3 =2,
Vires /3) MﬂmmB-_oome
mode
0 |

2 2.2 2.4 2.6 2.8 3 QAN.V
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4 Flow locked mode (cont.)
Comparison of 3 harmonics vs full matrix calculations.

3 Yies/3 | |
muo_uo
Rm=0
Rm=1 Wall-locked modes
5 | Rm=2 B
Rm=2
i | Rp=3
. IM(Yres)/3
Re(YTres)/3 /
Stream-locked
mode, Rn=3

Stream-locked

mode, Ry,=2
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4 Flow locked mode (cont.)

Stability gaps are insensitive to m-number. Finite 3 can be stabilized.

3 Ylres/M , 5 Ylres/M | |
_w_oo_HO | m_uo_uo.w “““
Yires/3
Yires/3 Yires/4
Rm=
2 - 2 Rm= -
R ;=0 R ;=0
R..=
S e e Rp=1 I
Rpn= Rp=2
” Rm=2 | Ro=2
stabilty gaps 7 'stability gaps | \
0 | 7 | @ ° | 7 ﬁ ﬁ q(a)
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5 Prospects for high beta

Intense lithium streams move the conducting wall surface to the plasma
boundary.

This would represent the major effect on stability, allowing feedback sys-
tem close to the plasma surface.

In addition, the streams themselves contribute to MHD stabilization.

In combiination with an expected low-recycling regime and flattened
temperature and current density profile, this would open the path to high
betas even in circular machines.

SJPPPL 15

PRINCETON PLASMA
PHYSICS LABORATORY




